Introduction {#Sec1}
============

Recurrent implantation failure (RIF) is a distressing situation in the in vitro fertilization (IVF) programme which is difficult to relieve. Realistic figures on the long-term prognosis are necessary for counselling but difficult to establish in single IVF centres due to high drop-out rates. After the third IVF treatment cycle, drop-out rates between 22 and 50% are reported with a tendency to increase with each consecutive cycle \[[@CR14], [@CR17], [@CR18], [@CR24]\]. Statistical extrapolation is recognised to create figures which may overestimate success rates \[[@CR2]\]. National IVF registries are based on evaluation of treatment cycles, but as a disadvantage they are not centred on patient courses.

In this study, RIF couples treated consecutively at the Institute of Immunology at the Kiel University Hospital between 1999 and 2002, were followed up for another 2 years. The outcome of pregnancies was registered until summer 2005. The patients had been referred for supportive lymphocyte immunotherapy (LIT) after three or more unsuccessful fresh embryo transfers from 47 national IVF centres, that is 40% of the 113 centres registered in Germany in 2002. Cross-sectional empirical data on ongoing IVF therapy were obtained prospectively and analysed in order to illustrate the influence of prognostic factors derived from the past IVF history.

Materials and methods {#Sec2}
=====================

Lymphocyte immunotherapy (LIT) {#Sec3}
------------------------------

At the Kiel Institute of Immunology, the treatment is introduced for patients with RIF and recurrent miscarriages after exclusion diagnosis \[[@CR7]\] and is covered by the national health insurance carriers. A small proportion (approximately 5%) referred for immunological treatment were precluded for other non-gynaecological causes, e.g. infectious or malignant disease of the male partner, HLA identical partners, female diabetes, systemic lupus erythematosus, or antiphospholipid syndrome, as described in detail elsewhere \[[@CR9], [@CR10]\].

Questionnaires {#Sec4}
--------------

From 1999 to 2002, 1,700 women underwent LIT after three or more fresh IVF cycles and consented to be interviewed 2 years later. In October 2002, all couples treated from 1999 to 2000, and in October 2003 those treated in 2001 and 2002 received a questionnaire. The referring gynaecologists got questionnaires on the IVF outcome 3 months later. The couples were referred to us by 47 of 113 IVF centers registered in Germany in 2002. In 36 cases, the couples were referred by their general gynaecologists.

The couples and practitioners were interviewed on the course of infertility treatment with the same partner, deliveries beyond the 23rd gestational week, and adjuvant therapies apart from LIT. We received informative feedback from 1,435 of 1,700 couples (84.4%), that is 1,078 couples (63.4%) by questionnaire (935) and/or telephone (143). Another 357 cases (21.0%) were reported by the gynaecologists (and for 287 of them, we had double responses). The concept of the questionnaire was approved by the university's data protection registrar; approval of the ethics committee was not required.

IVF history and definition of RIF {#Sec5}
---------------------------------

The term RIF referred to couples who had at least three fresh embryo transfers in the past, and the reference date for female age at all further treatments was the first LIT. IVF (in vitro fertilisation) had been initiated for tubal, mild andrologic, and idiopathic causes of infertility, endometriosis, polycystic ovary syndrome, and anovulation. ICSI (intracytoplasmatic sperm injection) had been started in markedly reduced sperm counts, reduced fertilisation rate, low responders, or lack of fertilisation in an IVF attempt. Those oocyte retrievals which led to transfers of fresh and cryopreserved embryos were considered for evaluation. Additional frozen embryo transfers were included into the calculation of birth rates per oocyte retrieval. Since there were no reports of severe overhydration-hyperstimulation syndrome (OHSS) which prevented fresh transfer, the number of evaluated oocyte retrievals equal the number of fresh embryo transfers. The evaluation ended at the first delivery after embryo transfer or with the status of the questionnaire if the couple did not conceive.

According to the guidelines of the German Medical Association published in 1998, two embryos were recommended for cultivation for women up to 35 years and three embryos for elder women.

According to the German IVF registry, in the years 2000--2004, 83--85% of all started stimulation cycles and 88--90% of oocyte retrievals led to embryo transfer. From 2001 on, the short stimulation protocol with GnRH agonists was used in 12--13%, the long protocol in 62--65%, antagonists in 20--25%, none in 1--2% of all treatments, recombinant FSH being the prevalent gonadotropin in Germany (63% of stimulation cycles).

German embryo protection law and health insurance modalities {#Sec6}
------------------------------------------------------------

A maximum of three embryos can be selected for cultivation at the pronucleus stage for transfer after up to 5 days. Additional pronuclei can be cryopreserved. Embryo selection beyond the pronucleus stage, surrogacy, and oocyte donation are prohibited. Up to four IVF/ICSI cycles were paid for by the health insurance companies until the end of 2003.

Statistics {#Sec7}
----------

Means, standard deviation, odds ratio, and range are given for female age, delivery rate, embryo transfers, and oocyte retrievals in descriptive intention. χ^2^ test was also applied for differences of the characteristics of patient subgroups. The Cochran trend test was used for delivery rates related to female age. For all statistics a value of *P* \< 0.05 was considered significant.

Results {#Sec8}
=======

Characteristics of RIF couples {#Sec9}
------------------------------

Of 1700 couples, 265 were lost to follow-up and 1,435 were informative. One hundred and eighty-three of these reported that they did not have any more transfers. In the group of 265 couples lost to follow-up, 46% had had at least four oocyte retrievals, and the loss of follow-up rate increased with female age. Thus financial constraints and individual factors related to advanced age may have led to discontinuation of IVF therapy. As judged by the women's name, 23% in this group (62/265 patients) probably had linguistic problems and may have preferred to continue IVF in their home country \[[@CR8]\]. In contrast, this applied for 11% in the informative group (163/1435 patients,*p* \< 0.001).

After LIT, 1,252 couples continued IVF therapy in German centres. Of these, 78 had transfers of frozen-thawed embryos derived from the previous cycles only, and were excluded from evaluation.

Thus 1,174 couples were eligible. Mean female age at LIT was 34.2 ± 2.9 years (range 21--43), duration of infertility 5.8 ± 2.3 years (range 1--20). On average, prior to LIT 3.7 ± 0.8 fresh cycles (3--21) and 4.2 ± 1.2 embryo transfers (fresh and frozen, 3--21) had been conducted. The majority (701 couples, 60%) had three oocyte retrievals, 306 couples (26%) had four retrievals, 92 (8%) five retrievals, 42 (3%) six retrievals, and 33 (3%) had 7--21 retrievals. Prior and post LIT, on average 2.5 embryos per transfer were given. Male factor infertility was an underlying cause in 728 couples, and in 473 (40%), it was the only factor. Tubal occlusion was found in 371 patients, and in 171 (15%) it was the single cause. Endometriosis was reported in 135 women, other causes in 231 women, contributing to mixed etiologies in 398 couples (34%). Thirty-three couples (3%) were defined to have idiopathic infertility. Ninty-four cases (8%) were unspecified. Of 1,174 couples, 531 (45%) were treated by ICSI from the beginning. In 68 of them, ICSI had been performed with sperm obtained from testicular extraction (TESE) or microepididymal aspiration (MESA). Three hundred and seventy-one couples (32%) had conventional IVF only. The remaining 272 couples (23%) had IVF as well as ICSI cycles.

Within 2 years after LIT, 1174 IVF couples had another 1.5 ± 0.7 (1--8) retrievals and 1.7 ± 0.8 (1--10) transfers. In summary, the whole IVF treatment comprised 5.2 ± 1.1 (4--23) oocyte retrievals and 6.0 ± 1.5 (4--23) transfers per couple. The highest overall amount of oocyte retrievals leading to birth was 14, and the highest number of transfers was 17.

Prognostic factors after recurrent implantation failure {#Sec10}
-------------------------------------------------------

### Cycle rank {#Sec11}

Within 2 years, birth rates per fresh embryo transfers and per couples showed a tendency to decline after the third to the seventh unsuccessful oocyte retrieval. This trend was not statistically significant (Fig. [1](#Fig1){ref-type="fig"}). When frozen embryo transfers had been possible during the preceding cycles, the delivery rate per oocyte retrieval stayed as high as 20% (data not shown). Fig. 1Number of couples with three to seven unsuccessful retrievals: 701--306--42--17, female age 33.7 ± 2.9, 34.5 ± 2.9, 35.1 ± 3.0, 35.7 ± 2.6, 35.8 ± 2.6 years. Decline in birth rates not significant (Cochran trend test)

### Female age {#Sec12}

After 1.5 additional fresh transfers, 333 of 1,174 women delivered (28.4%, Table [1](#Tab1){ref-type="table"}). The average birth rate per fresh embryo transfer was 17.3%, per frozen transfer 8.2%, and 18.6% per oocyte retrieval cumulating fresh and frozen transfers. As expected, delivery rates were highly dependent on female age (Fig. [2](#Fig2){ref-type="fig"}). Women below 30 years reached a 2-year delivery rate of 39%, from 30 to 39 years it was 30--25%, and at age 40 years and older 17%. The eldest mother was 42 years old at LIT. Table 1Preceding frozen embryo transfers as a prognostic marker in women under 40 years of ageFemale age (years)I: 21--29II: 30--34III: 35--39IV: ≥40All age groups(A) With/\
(B) without frozen embryo transfers in the first cyclesABABABABABTotal (A + B)Cycles after LIT Patients337916535312834520513468281,174 Oocyte retrievals followed by transfer43114262538187535288252012691,789 Transfers (fresh and frozen)51129337605220588338664114082,069 Frozen embryo transfers (% of all transfers)8 (15.7%)15 (11.6%)75 (22.3%)67 (11.1%)33 (15.0%)53 (9.0%)5 (15.2%)4 (4.7%)121 (18.7%)139 (9.9%)260 (12.6%) Deliveries133161954378210119214333 Of these after fresh ET132954923873110106204310 Deliveries per couple (%)39.439.237.026.933.622.610.019.634.425.828.4 Significance\*\*NS*P* \< 0.05*P* \< 0.02NS*P* \< 0.005 Deliveries per oocyte retrieval (%)30.227.223.317.723.014.67.112.222.916.918.6 Significance\*\*NSNS*P* \< 0.05NS*P* \< 0.005 Deliveries per fresh transfer\* (%)30.225.420.617.020.313.63.612.220.416.017.3 Significance\*\*NSNS*P* \< 0.05NS*P* \< 0.05A: Patients who had at least three oocyte retrievals with fresh embryo transfers and additional transfers of frozen-thawed embryos in the pastB: Patients who had at least three oocyte retrievals with fresh embryo transfers but without cryopreservation cycles in the pastEmbryos per transfer 2.6 (A) and 2.5 (B) (NS)*NS* not significant, *ET* embryo transfer\*\*Statistical parameters in subgroups (OR, 95%CI):Deliveries per couple, II: 1.6 (1.1--2.4), III: 1.7 (1.1--2.7), all age groups: 1.5 (1.1--2.0)Deliveries per retrieval, III: 1.7 (1.2--2.6), all age groups: 1.5 (1.1--1.9)Deliveries per fresh transfer, III: 1.6 (1.0--2.5), all age groups: 1.3 (1.0--1.7) Fig. 2Delivery rates per oocyte retrievals include fresh and frozen embryo transfers. Number of women below 30 years: *n* = 112, 30--34 years: *n* = 537, 35--39 years: *n* = 473, over 39 years: *n* = 71. Decline of delivery rates with advancing female age is statistically significant (Cochran trend test)

### Embryo cryopreservation {#Sec13}

Overall 310 of 333 deliveries (93%) originated from fresh IVF cycles (conventional IVF 102, ICSI 208), and 23 (7%) from transfer of frozen-thawed embryos.The prognosis was favourable when frozen embryo transfers had been possible in the past, as compared to couples without cryopreservation cycles (Table [1](#Tab1){ref-type="table"}, Fig. [3](#Fig3){ref-type="fig"}). After LIT, both groups used embryo cryopreservation, but the proportion of frozen embryo transfers was twice as high in those who had had cryopreservation before LIT (18.7 vs. 9.9%,*p* \<\< 0.0001). This was combined with a better outcome per oocyte retrieval as well as per fresh embryo transfer. When the number of previous frozen embryo transfers was taken as a marker for ovarian response, the correlation was also significantly positive (Fig. [4](#Fig4){ref-type="fig"}). Fig. 3Delivery rates per oocyte retrieval achieved after LIT are higher when cryopreservation had been possible in the first cycles. The figure illustrates the results given in Table [1](#Tab1){ref-type="table"}, *NS* not significant Fig. 4Frozen embryo transfers (FET) in the first cycles suggest a good oocyte/ embryonic quality in further IVF treatment. There is a positive correlation between delivery rates and number of FET (Cochran trend test). Couples without FET: *n* = 828, 1 FET: *n* = 183, 2 FET: *n* = 90, 3--10 FET: *n* = 73. Mean female age at LIT and mean number of oocyte retrievals before LIT did not differ significantly between the groups (34.2 ± 3.0, 34.4 ± 2.8, 33.5 ± 2.8, 33.9 ± 2.9 years/3.7 ± 0.8, 3.7 ± 0.8, 3.7 ± 0.8, 3.9 ± 0.9 retrievals, respectively)

### Male factor infertility {#Sec14}

When the mode of fertilisation over the whole course of IVF treatment is evaluated, RIF couples treated with ICSI from the beginning had a better outcome than those treated with conventional IVF (Table [2](#Tab2){ref-type="table"}). Of those who had had cycles with as well as without ICSI, most switched from conventional IVF to ICSI at some stage of the treatment. They achieved intermediate birth rates. Characteristics like female age and rate of cryopreservation were similar in all three groups. Table 2Two-year outcome after conventional IVF or ICSI (1,174 couples)Mode of fertilisation from the first cycle onICSIConventional IVFIVF and ICSI cyclesCouples531371272Characteristics Female age at LIT (years)33.9 ± 2.834.3 ± 3.134.6 ± 3.0 Fresh embryo transfers before LIT (per couple)1,928 (3.6)1,346 (3.6)1050 (3.9) Fresh embryo transfers after LIT (mean per couple)802 (1.5)566 (1.5)421 (1.5) Frozen embryo transfers (% of all transfers after LIT)121 (13.1%)76 (11.8%)63 (13.0%) Deliveries1659276 After fresh embryo transfer1538671 After frozen embryo transfer1265Birth rates Per couple (%)31.0\*24.8\*27.9 Per oocyte retrieval (%)20.6\*16.3\*18.1 Per fresh embryo transfer (%)19.115.216.9The characteristics are similar in all subgroups\* Significant differences are only noted for birth rates per couple (*P* \< 0.05) and per oocyte retrieval (*P* \< 0.05) between the ICSI and conventional IVF subgroups

### Additional interventions {#Sec15}

Various adjuvant measures which are thought to improve implantation by influencing immune function, endometrial haemostaseology, or embryonic capacities to implant were combined and given at various stages of IVF therapy additionally to LIT. Examples are corticosteroids, immunoglobulins, LeukoNorm CytoChemia^®^, Sildenafil (vaginally), Pentoxifylline, and polar body biopsy. Most often aspirin, low dose heparin, and laser-assisted hatching were mentioned. In some cases low dose heparin was prescribed for thromboprophylaxis in ovarian hyperstimulation syndrome (OHSS) or hereditary coagulation defects. In the cycles following LIT, 499 patients (43%) were treated additionally, while 275 (23%) were not. In 401 (34%) no information was given so that the number of unreported cases may be high.

Couples who had had cryopreservation before received additional interventions significantly more often than couples who did not have cryopreservation: 49 versus 40% (170/346 couples vs. 328/828 couples, *P* \< 0.005).

Discussion {#Sec16}
==========

Our evaluation of a large RIF group treated in Germany showed a mean delivery rate of 18.6% per successful oocyte retrieval where frozen embryo transfers are included, 17.3% per fresh embryo transfer, and 8.2% per frozen embryo transfer. Since 84% of stimulation cycles lead to embryo transfer according to the German IVF registry, the delivery rate per started cycle is estimated to be 15.6%.

Bias caused by preselection of the practitioners referring to our institute and by LIT (see "[Materials and methods](#Sec2){ref-type="sec"}") cannot be totally excluded. Since patients were accepted irrespective of the embryonic quality in their previous cycles, and exclusion criteria for LIT were non-gynaecological and applied rarely (see "[Materials and methods](#Sec2){ref-type="sec"}"), we assume that the bias was small. According to the data evaluated by the German IVF registry, the overall birth rates per fresh embryo transfer in 2001 were 18.4% after IVF cycles, 18.8% after ICSI cycles, and 10.2% after frozen embryo transfer \[[@CR1]\]. Thus the results presented here appear to be plausible.

Several studies have shown that the birth rate per embryo transfer is optimal over the first three stimulation cycles and somewhat declines thereafter \[[@CR13], [@CR18], [@CR20], [@CR24]\]. The estimations of cumulative birth rates suggest that the chances to conceive are reduced but stable up to the sixth to eighth cycle \[[@CR25]\]. In our cohort, differentiation for cycle rank did not reveal a significant correlation with the number of preceding unsuccessful retrievals, either (Fig. [1](#Fig1){ref-type="fig"}). Although the German legislation is unique for prohibiting embryo selection after the pronucleus stage, the outcomes per cycle in our cohort are in line with international figures available for RIF (Table [3](#Tab3){ref-type="table"}). Table 3Comparison of trials on outcome after RIFAuthorYovelTempletonMeldrumOsmanagaogluSharmaElizurWitsenburgPresent dataPublication date19941996199819992002200520052007Patients206N/AN/A51294851511,174Treatment cycles4263,633286102291,4562771,789Cycle rank4--84 to \>104 to \>54--844--144--74--21TreatmentIVF (100%)IVF (100%)IVF (100%)ICSI (100%)IVF (100%)IVF 40%, ICSI 40% both 20%IVF 70%, ICSI 30%IVF 32% ICSI 45% both 23%Deliveries (per cycle)53 (12.4%)374 (10.3%)45 (15.7%)22 (21.6%)6 (21%)159 (10.9%)44 (15.9%)333 (15.6%)^a^Single centre drop-outsN/AN/AN/A27 (26.5%)N/A322 (22.1%)96 (34.7%)N/AMean female age at first cycle34 years at 4th cycleN/AN/A30.5 yearsN/A32.7 years (all cylces)33.0 years34.2 years at LITEmbryos per transfer (range)2.3--2.4 (1--5)2.8 (1--3)N/A (1 to 5)N/A (1--4)N/A (1--3)3.5 (1 to 5)2.0 (1--3)2.5 (1--3)Evaluated variableEmbryo transferStarted cycleOocyte retrievalOocyte retrievalStarted cycleEmbryo transferStarted cycleStarted cycle^a^FETN/AExcludedExcludedExcludedExcludedExcludedIncludedIncluded^a^Delivery rate per oocyte retrieval followed by fresh embryo transfer (18.6%) was adjusted for rates per started cycle (84% of started cycles lead to embryo transfer according to the German IVF registry---see "[Materials and methods](#Sec2){ref-type="sec"}"). The delivery rate per fresh embryo transfer in the present cohort is 310/1789 (17.3%) and after adjustment 14.5% per started cycle, excluding frozen embryo transfers*N/A* not assessed, *FET* frozen embryo transfer

Female age and embryo cryopreservation {#Sec17}
--------------------------------------

Female age and the response to ovarian stimulation are significant prognostic factors of further outcome. An indicator of the ovarian reserve is the number of well developed oocytes per stimulation cycle \[[@CR18]\] and of the embryos gained consecutively \[[@CR4]\]. Here additional frozen embryo transfers were taken as a marker of ovarian reserve. If frozen embryo transfers had been possible in the first cycles, women in their thirties can be regarded younger biologically. They did not only retain a better ovarian response and thus gained more transfers, but also had a significantly higher chance to conceive per fresh embryo transfer.

Frozen embryo transfers are less successful, and the procedure of cryopreservation and storage produces extra costs for the patients. Therefore the method was not uniformly encouraged by the referring IVF centres. If the policy had been standardized in favour of cryopreservation, the difference between the groups who had or did not have frozen embryo transfers in their first cycles would possibly have been even more accentuated than in the present evaluation.

Selection of cultivated embryos by morphological criteria or preimplantation genetic diagnosis (PGD) is seen as an approach to increase the success rates per embryo transfer. However, it cannot be offered to couples who have no embryos in excess although this group may be at a higher risk for embryonic disturbances. On the other hand, women with excess embryos may benefit from their generally higher embryonic quality and not only from embryo selection \[[@CR3]\].

Other factors {#Sec18}
-------------

Where ICSI is applied for male infertility as in our cohort, the basic difference between those who were treated by ICSI and those who received conventional IVF are underlying female factors of infertility. Stage III/IV endometriosis \[[@CR12]\], sactosalpinges or other tubal disease \[[@CR15]\], uterine fibroids \[[@CR6]\], and reduced endometrial responsiveness \[[@CR16]\] lead to impaired oocyte quality or uterine function. This may be the main reason why the birth rate is somewhat higher in ICSI cycles. When ICSI is applied in non-male infertility, there is no significant difference to conventional IVF \[[@CR23]\].

Notably, lifestyle factors like smoking and female obesity have been shown to impair the chances to conceive \[[@CR11], [@CR26]\] and with some support can actively be modified by the patients themselves.

Additional interventions {#Sec19}
------------------------

With good ovarian response, the chances in further IVF or ICSI treatment remain favourable, although not only fresh embryo cycles, but also frozen embryo transfers may have failed. This circumstance is difficult to explain to couples with RIF. Therefore additional diagnostic or therapeutic measures are frequently demanded \[[@CR21], [@CR22]\]. Two-thirds of the IVF centres in Britain offer various immunological and non-immunological interventions whose efficacy is under discussion \[[@CR19]\]. In the USA, at least 78% of patients with reproductive failure were offered different therapies including aspirin, heparin, and/or steroids \[[@CR5]\]. Multiple interventions seem to be common practice in RIF. Nevertheless, our data indicate that they were preferentially offered to couples who had a favourable prognosis anyway. This can lead to the erroneous conclusion that the benefit was due to additional therapies. When planning a trial on additional interventions in RIF, randomisation is necessary for female age and for the ovarian response. IVF and ICSI indications should be differentiated. The least important factor is the number of previous cycles from the fourth on.

Conclusions {#Sec20}
===========

The evaluation confirms that significant prognostic factors are female age, the ovarian response to controlled hyperstimulation, and to a lesser extent, the underlying disorder of infertility. Couples who are treated with ICSI due to male factor infertility have a slightly better prognosis than those who are treated with conventional IVF because underlying female factors are less prevalent. A significant influence of cycle rank was not detectable in our cohort.

Concomitant interventions have been used to support implantation, but the value of their multiple use may be limited. They may be inferior to the option to modify lifestyle habits.
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